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ABSTRACT 
Objective: To study the existence of difference or similarity on total phenolic content, flavonoid content and antioxidant properties among different 
cultivars of Piper betle L. 
Methods: The methanolic extracts of six different cultivars, i. e. Banarasi, Bangla, Calcutta, Kammar, Kumbakonam and Vellai were evaluated for 
total phenolic content (Folin-Ciocalteu method), total flavonoid content (Aluminium chloride method), total antioxidants (Phospho-molybdenum 
method) and other antioxidant properties (TBA assay, Ferric thiocyanate assay, FRAP assay and ABTS assay).  
Results: Total phenolic content of the cultivars ranges from 12.5 to 13.9 mg TAE/g DW. Higher flavonoid content was observed in Kumbakonam 
(24.14 µg QE/g DW) while Bangla possessed the lowest (8.25 µg QE/g DW). The total antioxidants of Vellai accounted to 58.82 mg TAE/g DW while 
the lowest was recorded in Kumbakonam (39.34 mg TAE/g DW). Maximum % inhibition was observed in the cultivar Vellai for Ferric thiocyanate 
(FTC), Kumbakonam for Thiobarbituric acid (TBA) and Banarasi for Ferric Reducing Antioxidant Power (FRAP). However, no significant difference 
was exhibited among the cultivars for ABTS assay.  
Conclusion: The study amply demonstrates the existence of difference in total phenolic content, total flavonoids and antioxidant property. Thus, 
proper selection of cultivar of Piper betle for specific use in the pharmaceutical industry is recommended. 
Keywords: Piper betle, Cultivars, Total Phenol, Total flavonoid, FTC, FRAP, TBA, ABTS.  
 
INTRODUCTION 
The creeper, Piper betle Linn. belonging to the family Piperaceae is 
exploited for many reasons. The biological activities like 
antibacterial [1], leishmanicidal [2], anti-filarial [3], anti-fungal [4], 
antimalarial [5], larvicidal [6] and Antiproliferative [7] activities are 
already studied by different authors. The plant has also been 
exploited pharmaceutically. The leaves of the plant are used in 
treating bronchitis, dyspnea [8] and cough [9]. The plant is also 
considered as a cardio tonic [10]. Essential oils of Piper betle were 
used for the treatment of respiratory catarrhs [11], healing wounds 
and antiseptic [12]. Leaves of the plant are found to possess 
analgesic [13] and aphrodisiac [14] properties.  
Oxidative stress plays a major role in human diseases which is due 
to free radicals and their activity [15]. Many diseases like cancer, 
diabetes, sclerosis, Alzheimer’s and Parkinson’s are also attributed 
to the presence or generation of free radicals [16]. It is a known 
fact that Piper betle has the biological benefits of inhibition of 
platelet aggregation [17], anti-diabetic [18], immunomodulatory 
[3], anti-hemolytic [19] and anti-allergic activities [20]. Some of 
these observed biological activities of Piper betle were attributed 
to the presence of high antioxidant activity [21]. Although many 
biological reports are available on Piper betle, they were mostly 
confined to the plant itself or for a single variety or cultivar [22]. 
Thus, in this study, an attempt was made to identify the better 
cultivar of Piper betle for best antioxidant potency. Six different 
cultivars, i. e. Banarasi, Bangla, Calcutta, Kammar, Kumbakonam 
and Vellai of Piper betle were analyzed for their total phenolic 
content, total flavonoid content, total antioxidant content and free 
radical scavenging ability. 
MATERIALS AND METHODS 
Plant source 
Six different cultivars of Piper betle, i. e. Banarasi, Bangla, Calcutta, 
Kammar, Kumbakonam and Vellai (Fig. 1) were procured from the 
local markets of Chennai. Healthy, uninfected and undamaged leaves 
were used for the study. The leaves were cleaned, washed and 
allowed to dry in shade. The dried leaves were pulverized using 
electric blender and stored for further usage. 
 
Fig. 1: Leaves of different cultivars of Piper betle L 
 
Preparation of methanolic extract 
The methanolic extracts of the cultivars were prepared by cold 
percolation method. The pulverized plant materials were mixed with 
methanol at a ratio of 1:10 and maintained in temperature 
controlled shaker for 48 h, at 30±20C. The crude extracts obtained 
upon filtering and concentrating, was reconstituted with the solvent 
for further analysis. 
Determination of total phenolic content 
The total phenolic content (TPC) of the cultivars of Piper betle was 
determined by the Folin-Ciocalteu method [23]. To 100 µL of the 
plant extract, 500 µL of distilled water and 100 µL of Folin-Ciocalteu 
reagent were added and incubated for 6 min at room temperature. 
The final volume of the solution was made up to 3 mL after addition 
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of 1.25 mL of 7% sodium carbonate. The mixture was incubated for 
90 min, followed by measuring the absorbance at 760 nm using UV- 
Visible spectrophotometer (Cyberlab, USA). The total phenolic 
content was expressed as mg TAE (Tannic acid equivalents) per g of 
the dry weight of the plant, using a standard plot of Tannic acid. 
Determination of total flavonoid content 
The total flavonoid content (TFC) of the plant was determined by the 
method adopted by Moussa et al [24]. Two hundred microlitre of the 
plant extract was taken in a test tube and the solvent was allowed to 
evaporate. The residue was mixed and shaken well with 5 mL of 0.1 
M Aluminium chloride. Upon incubation of the solution for forty 
minutes at room temperature, the absorbance value was measured 
at 415 nm. A standard plot of Quercetin at varying concentrations 
was used to evaluate the total flavonoid content, expressed as µg QE 
(Quercetin Equivalent) per gram dry weight of the plant material. 
Determination of total antioxidants 
Phospho-molybdenum method was employed for the estimation of 
total antioxidant activity [25]. A reagent solution of 0.6 M sulphuric 
acid, 28 mM sodium phosphate and 4 mM ammonium molybdate was 
used for the experiment.  
The plant extract (0.5 mL) was mixed with 4.5 mL of the reagent 
solution and maintained in a boiling water bath at 950 C for 90 min. 
The absorbance value was measured at 695 nm upon cooling the 
solution at room temperature. The total content of antioxidants in the 
plant was expressed as mg TAE (Tannic acid equivalent) per g of the 
dry weight of the plant material. 
Thiobarbituric acid assay 
Two milliliters each of 20% trichloroacetic acid and 0.67% 
Thiobarbituric acid were mixed with 1 mL of 2.51% linoleic acid and 
1 mL of plant extract. The solution was maintained in boiling water 
bath for 10 min. Upon cooling, the solution was centrifuged at 3000 
rpm. The supernatant was passed through UV- visible 
spectrophotometer at 532 nm to measure the absorbance.  
The percentage inhibition of the plant against the secondary 
products of lipid peroxidation was evaluated with reference to the 
standard solution of butylated hydroxyl toluene (BHT). 
 
Ferric Reducing Antioxidant Power (FRAP) Assay 
A mixture of plant extract (1 mL), phosphate buffer - 2.5 mL (of 0.2 
M, pH 7) and 1% potassium ferricyanide (2.5 mL) was incubated at 
500 C for 30 min. To the solution, 2.5 mL of 10% Trichloroacetic acid 
was added, mixed and centrifuged for 10 min at 6500 rpm. Distilled 
water of 2.5 mL and 0.5 mL of 0.1% FeCl3 was added to 2.5 mL of the 
supernatant. The absorbance of the solution was measured at 700 
nm. The reducing ability of the plant was evaluated in terms of 
percentage by relating the absorbance value of the plant and the 
standard, FeSO4. 
 
Ferric Thiocyanate assay 
The inhibitory effect of the plant against oxidation by peroxides was 
evaluated by Ferric Thiocyanate assay. 120 µL of 98% ethanol, 100 
µL of 2.51% linoleic acid in ethanol and 9 mL of 40 mM phosphate 
buffer (pH 7) were successively added to 100 µL of the plant extract. 
The mixed solution was maintained in dark, at 400 C.  
To 100 µL of the mixture, 9.7 mL of 75% ethanol, 100 µL of 30% 
ammonium thio cyanate and 100 µL of 20 mM FeCl3 in 3.5% HCl 
were added. The absorbance of the solution was measured at 500 
nm, after 3 min. The percentage of inhibition was calculated with 
Tannic acid as the standard, using the formula:  
 
ABTS assay 
A solution of 7 mM ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid)] and 2.45 mM potassium persulphate was incubated 
in dark for 12-16 h. This was followed by diluting the solution with 
ethanol till the absorbance reached 0.7±0.02 at 734 nm. One mL of 
the diluted solution was mixed with 100 µL of plant extract and the 
absorbance was evaluated at 734 nm after 6 min. The percentage 
reduction against ABTS was calculated with reference to the 
standard, Tannic acid. 
 
RESULTS 
The total phenolic content was found to be the highest in the 
Calcutta cultivar of Piper betle with 13.93±0.10 mg TAE/g DW, 
followed by the Vellai (13.50±0.07 mg TAE/g DW), while the lowest 
was in that of Kammar (12.54±0.79 mg TAE/g DW). The 
quantification of the phenols in each of the variety was based on the 
chromophores developed upon reduction of Folin-Ciocalteu reagent 
by the phenolate anion.  
Higher flavonoid content was observed in the Kumbakonam cultivar 
(24.14±0.14 µg QE/g DW) while the Bangla cultivar possessed the 
lowest content of 8.25±0.10 µg QE/g DW. The total antioxidants of 
Vellai accounted to 58.82±0.39 mg TAE/g DW of the plant. The total 
phenolic content, flavonoid and total antioxidant activity recorded 
for different cultivars of Piper betle is presented in table 1.  
 
Table 1: Total phenolic content, total flavonoids and total 
antioxidant activity of cultivars of Piper betle 
Cultivar Total Phenolic 




Content ± STD 
(µg QE/g DW) 
Total 
antioxidant 
activity ± STD 
(mg TAE/g DW) 
Banarasi 12.61±0.04 11.23±0.12 45.03±0.40 
Bangla 12.78±0.02 8.25±0.10 57.45±0.58 
Kammar 12.54±0.79 11.74±0.14 40.84±0.49 
Calcutta 13.93±0.10 15.76±0.11 43.71±0.34 
Kumbakonam 13.42±0.03 24.14±0.14 39.34±0.79 
Vellai 13.50±0.07 14.10±0.12 58.82±0.39 
 
The ability of the cultivars of Piper betle L., against lipid 
peroxidation, evaluated using 2-Thio Barbituric Acid (TBA), revealed 
the efficiency of Kumbakonam cultivar in inhibiting the radicals at a 
percentage of 97.11 (Fig. 2). However, Kammar and Vellai cultivars 
showed poor inhibition capability. The cultivar Vellai showed 
greater reduction of ferrous ions to ferric ions, with a percentage of 
98.04 and 90.20 as evaluated by FTC (Fig. 3) and FRAP (Fig. 4) 
assays respectively. With regard to the ABTS assay, all the cultivars 
were found to be highly potent inhibitors of 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) with their inhibition closer 
to 98% (Fig. 5).  
 
 
Fig. 2: Thio Barbituric Acid (TBA) Assay 
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Fig. 3: Ferric Thiocyanate (FTC) assay 
 
 
Fig. 4: Ferric Reducing Antioxidant Power (FRAP) Assay 
 
 




Constituents of plants play a key role in their biological activities, the 
concentration of which depends on the variety of the plant, season 
and climate [26]. The study has revealed the existence of difference 
in total phenolic content, flavonoid content and antioxidant 
activities. Among the cultivars studied, higher phenolic content was 
detected in the Calcutta cultivar while higher flavonoid and 
antioxidant content were detected in the cultivars  Kumbakonam 
and Vellai respectively. Vellai, the cultivar with higher total 
antioxidant content, was found to be potent in reduction of ferrous 
ions to ferric ions as well. All the cultivars were potent suppressors 
of ABTS radical. 
Similarly, it was reported that the essential oil composition of Piper 
betle of Sri Lankan variety is different from other countries [27]. 
Guha [28] studied the essential oil composition on Mitha, Bangla and 
Sanchi varieties, which revealed that Mitha yielded more oil and 
Bangla was better in quality. The difference in phytoconstituents 
[29], morphology [30], stomata [31] and the variation among 
antibacterial, antioxidant and larvicidal activities of cultivars [22] of 
Piper betle has already been reported. The results of the present 
study imply the potential use of different cultivars for the inhibition 
of free radicals in different pathways. 
CONCLUSION 
The study on total phenolic content, total flavonoid content and 
antioxidant content of six different cultivars of Piper betle, i. e. 
Banarasi, Bangla, Calcutta, Kammar, Kumbakonam and Vellai, 
revealed the existence of differences among them. The total phenolic 
content was found to be high in Calcutta, total flavonoids as well as 
better inhibition percentage of radicals in TBA assay in 
Kumbakonam cultivar. No significant differences existed among the 
cultivars of Piper betle, on total antioxidant activity. Greater 
reduction of ferrous ions to ferric ions was recorded with the 
cultivar Vellai evaluated by FTC and FRAP assays. With regard to the 
ABTS assay, all the cultivars were found to be highly potent 
inhibitors. The results of the present study imply the potential use of 
different cultivars for the inhibition of free radicals in different 
pathways. Proper selection of cultivar for specific use in the 
pharmaceutical industry is recommended. 
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